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1. INTRODUCTION

Virtual Beachversion3 (VB3) is adecision supportbol thatconstrucs site-
specificstatisticalmodelsto predictfecal indicator bacterigd=(B) concentrationat
recreationabeaches. VBis primarily designed for beach managers responsible for
making decisions regarding beach closurethe issuance of swimming advisories due to
pathogen contaminatiorHlowever, researchers, scientists, engineers, and students
interested in studying relationships between water quality indicators and ambient
environmental conditions will finBz useful. VB3s reads input data from a text file or
Excel document, assists thser in preparing the data for analysis, enables automated
model selection using a wide array of possible model evaluation criteria, and provides
predictions using a chosen mogarameterizewith new dataWith an integrated
mapping component to detemei the geographic orientation of the beach, the software
can automatically decompose wind/current/wave speed and magnitude information into
alongshore and onshore/offshore components for use in subsequent analyses. Data can
be examined using simple scafpdots toevaluaterelationships between the response and
independent variablg$vs). VB3 canproduce interaction terms between the prinisfis;
and it can also test an ayrof transformationt maximize the linearity of the
relation$ip between the sponse variable and IVs. The software inclusksrch routines
for finding the "best” models from aarray of possible choices. Automated censoring of
statisticalmodels withhighly correlated IV®ccurs during the selection process. Models
can be construed either using previously collected data or forecasted environmental
information.VB3 hasresidual diagnostics faegressioomodels,includingautomated
outlier identification and removal using DFFITs or Cook's Distances.

1.10n Predictive Modeling

Empirical/statistical modelingutperforns persistence modelsiging the most
recent FIB concentration as the sole prediofdhe next FIB concentrationa) beaches
where conditions such as weathgatercharacteristicsandhumananimaldensity levels
change significantly day to dd¥rick et al. 2008 Brooks et al2013. Virtual Beach
constructsnodelsthat canpredicta dependent or responsariable (.e., FIB) by using
variables to describe current environmental conditions that can be measured or estimated
in a timely maner. Thesearereferred to as independent variables (I&isyloften
includebeach wateparameters such as turbidity, water temperature, specific
conductance, or wave heigparameters monitored and made available via the web such
as rainfall,stream flow and strearmwvater quality and parameters estimated by
environmental models such as water currents, wave height and direction, and radar
rainfall.

In anypredictive modelinggndeavayvariability anduncertainty associated with
model outputarise fora varietyof reasonghat arampossible to eradicammpletely
VB3 attemptdo examine this variability and uncertainty in a transparent manner using a
probability of exceedance for any regulatetgndardhe user wishes to investigate.
Even so, theresino guarantee than every model prediction will be correct, and a situation
may arisen whichthe model predictacceptable water qualifgr public recreatiorthat
couldbe erroneous. Decisionsatiow or disallowswimming at beachesust be made,

4



however, and in the best case scermaniegression models developeth VB3 will
outperformt r adi t i onal persistence molel s based on
concentrations

1.2Recommended User Background

For those using VB some experience with spreaeet data manipulation
programs like Microsoft Excel is recommended, but not necessary. A familiarity with
multiple linear regression analysis is also helpful, but again not mandatory. Without this
background, VBwill take longer to master, but it sndunot prohibit users from
producing and using models.

1.3 General Overview

VB3 hasfour major components:

1 Beachlocationmap interface where users adfine the orientation dhe beach

1 Interface thafacilitates initialimport and manipulationf dat.

1 Multipleii met hodo t asthtisticalnmodeting is dohdéach takhas some
features identical to those seen in other method tabsamne thatire unique. For
example, the multiple linear regression (MLRpallows examinatiof regression
resduals eliminationof highly influential data recordsindviewing of receiver
operating characteristic (ROC) curves.

1 Prediction interface allowing entry olewdata and subsequent estimation of
pathogen indicatazoncentrationsvith a selected model frommny of the statistical
methods.

Each component i s accessi bl eiatdbgathm t he app
top and bottom of the main scref@ngure 1) ThelLocation andGlobal Datashedtbs
are alwaywisible, while the statistical methaebs only becomevisible oncedata pre
processingas been compl eted (i Oe buhtho@Glabdli ng t he
Datasheet ribbgn ThePredictiontabappeas when modebuilding on any method tais
complete and a model is selected
Lastly, we note tlat statistical models are ordg effective as the data used to
develop them. No statistician, however skilled, can turn a datbleet-quality
independent variablg$Vs) into a useful predictive device.
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Figure 1. The major componens of VB3: fiLocation, O obal Dat asheet
(GBM, MLR, and PLS), and t he 0 Btashegti cutrently acbve.i nt er f ac e .

1.3History of VB

VB3 is a direct descendant @irtual Beach version , 2vhosemost reentrelease
isVB2.4. The originaVirtual BeachModel Builder application\(irtual Beach version)1
wasdeveloped byValter Frick and Zhongfu Gat the USEPA in Athens, G&rick et al.
2008) VB1 can be characterized aireear regressiomodetbuilding tool that supports
primarily manual analys of datasetsia visual inspectn of data plots and manipulati
of variables (e.gtransformations, creating interaction terms), followed by an iterative
process of testing, comparing and evaluating modéte fithess of developed models is
computed and trackedllowing comparisom nd eventual selecti
the dataset under consideration. Thizdel therproduces estimates opathogen
indicatorconcentrationsisingcurrent or forecasteenvironmental data from the site.

VB2 (Cyterski et al. 2012¢nhancd the functionality of its predecesdoy
performng similar functions (visual inspection of univariate data plotanual
transformations of individual variables, MLR model buildinggdiction, etc.)but also
automaedand extenddfunctionality in several ways:

on of

1 The Map componengrovided informationon the loation and availability of nearby
data sources through the map interfathese sources include the USGS National
Water Information System (NWIS) antthe National Climatic Dat&enter (NCDC)
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which provide recently collected and/or forecasted tatgenerag predictionsby a
chosemodel.

The Map component providex convenient method for defining beach orientation by
overlayingthe beach on current shoreline layers (satellite images, Google Maps, MS
Virtual Earth, etc). Givethe orientationVB2 couldcalculate wind, waveyr current
componentstfie A-component is parallel to shore aheé Gcomponents

perpendicular tghorg which can be important predictor variables.

Although manual processing and analysis of imported data (visual inspection of
univariate data plots and the transformations/interactions of variaitdssgtained,
thedataprocessingcomponent oVB2 automaed generation of alpossible second
order interaction terms amomgset oflV s, formed morecomplex functions of
multiple columnsandautomated testing of a suite of variatsensformations that
improved model linearity. This functionality incredsee number of models to
evaluate during later selection routines and reddveburden ofmanualassessment
thatuses of VB encountered

Within the linear regression analysis componentitirtdl linearity among predictor
variableswas handled automatiba. Any model containing alv with a high degree
of correlation withothers &s measured by a large Variance Inflation Factor [VIF]
wasremoved from consideration during model selection.

During MLR model selectionmodelswereranked by a useselecte evaluation

criteriont R?, Adjusted R, Akaike Information Critégon (AIC), Corrected AIC,

Predicted Error Sum of Squares (PRE®3)yesianinformation Criterion (BIC),

Accuracy, Sensitivity, Specifi ¢RMBB), or the
See Section A.3 for definitions of these criterl@egardless of whh criterion is

chosen, the software records the ten best models in téritsin comparison, VB

had asingle criteriorchoice Mal | owds Cp.

As the number olV's in a dataset increasg®ssible MLR models increase
exponentially(considering transforms/interactiongsulting in trillions of possible
models from a modest number {12) of IVs. VB2 implemerneda geneticalgorithm
(GA) that efficientlysearcled for the best possible MLRiodel. Alternativdy, VB>
users ould perform exhaustivealculatiors in which all possible combinations bfs
weretested if the number of possible modekssreasonably sma(k 500,000) Both
the GA and exhaustive apprt@s greatly expardithe moael-building capabilities
of VB2, compared to VB

Users no longer ltito enter data values in transformed, interacted, or component
decomposed form to make a predictwith theselectedILR model. On th&/B:
MLR Predictiontab, a useselected model isoded into an input grid with data entry
columnsmatching maireffects of thenmodel. Any mathematical manipulation of
theselVs is then performedutomaticallyprior to making predictions.



VB3 primarily builds onVB:2 by addingadditionalstatistical metbdsthat give
users more flexibility in modeling their datasets. Ildiadn to MLR, users can nowse
Partial Least Squares (PLgressiorandGeneralizedoosted Regression Modeling
(GBM) tofit their dataand make predictionsThe redegned softwae architecture
(using DotSpatial librarigeeasilyaccommodatefuture expansions of the suié
modeling tools.Possiblduture additionscould beBinary Logistic RegressigriLeast
Absolute Shrinkage (LASS@nd Neural NetworksThe Prediction tab 0¥ Bz also has
a button taallow direct interaction with thelSGS data acquisition system, EnDDaT
(http://cida.usgs.gov/enddptfor automated dataset constructaord ease of FIB
prediction from wekaccessiblelata



http://cida.usgs.gov/enddat/

2. COMPOSITION AND | NSTALLATION

VB3 wasdeveloped with MS Visual Stud and written in C#and usesnultiple
publicdomain system components:

FLEE equation parsehtitp://flee.codeplex.co/

Accord.Net math librarieghttp://accordframework.ret/)

R statistical librarieghttp://cran.fproject.org/web/packaggs/

DotSpatial mapping librarigttp://dotspatial.codeplex.cojn/

Weifen LuoDocking Ul (http://sourceforge.net/projects/dockpanelsiite/
ZedGraph(http://sourceforge.net/projects/zedgrgph
GMap.Net(http://greatmaps.codeplex.com/

=4 =4 =4 -8 -8 -4 -9

No license or software purchaseesgjuired tanstall and rurvVBs, but an internet
connection is1eededo displayGeographical Information Syster@IS) information
Usersmusthave WindowsXP or 7with DotNe& Framework 4.@o assure proper
installation and operatiorOther versions of Windows (e.g., Vistagvecause various
errors to occur, thus are not recommended for use with ZBrtainVB3 data
manipulation and moddduilding operations are computatially intensive so faster
CPUs are bettehutlaptop or desktop systexwith at least 5B RAM will be adequate.
Disk space requirements aout 0 MB for VB3 and 170MB for the DotNet
Framework 4 TheVB3 application nstaller willattempt to dowlvad and install the
DotNet Framework 4.@ it is notalreadyinstalled on the target systethis also requires
a network connectionif necessary, a user cahtain theDotNetFramework4 installer
at no cosat

http://www.microsoft.com/download/en/details.aspx?id=17851

The EPAG6s Center for EXQEAM)website Assessment
distributes VBat:

http://www2.epa.gov/exposuassessmerrhodels/virtualbeachvb

Obtain and run theVB3 application installer and fallv the oRscreen instructions.
After installation, ashortcut willappearwon thedesktop


http://www.microsoft.com/download/en/details.aspx?id=17851
http://www2.epa.gov/exposure-assessment-models/virtual-beach-vb

3. OPERATIONAL OVERVIEW

To makeVB3 straightforwardo operag, it hasfour functions each withits own
interface:

Locationi an optionalmappindGIS screen for calculating beach orientationsedfor
latercomputatiorof orthogonal (alonghore and offshore/onshymeind, current and/or
wavecomponents for the beach under considenat Suchcomponents can be powerful
predictors opathogen indicatatoncentrationsit the beaclsodefining the beach
orientationis recommended if the dataset under consideration containswanédor
current data.

Global Datasheédt away tosupportdatamanipulation oran imported dataset. In
addition to wind/curremivavecomponent generation, users can generaie
independent variabldgbat represent the products, means, sulifferencesminimums,
and maximums of othd¥s, as well asnvestigatedata transformatiorn®r the 1Vs.

Methodsi therearethree Method tabs Multiple LinearRegression (MLR)Partial

LeastSquares regression (PL&ndGeneralized Boosted Regression Model(GBM).

Eachhas itsown unique interfagebutsharesscommon elements. One commaement

isafl var i ab |oeabvehere teeausethaoses frona list ofeligible 1Vs for

consideration in moddjuilding and modegeneration. Another common elemena

ADat a pMa ndabwh@hisinitially populatedvith datafrom theGlobal

Datasheet. After initialation howeverthe user cathenmo d ilfoyc ail 6 dat a f or
chosen statistical technique.

Prediction-- thistabis comprised othreespreadsheets/gridghere uses can enter or
import thelVs neededor the chosen modéleft grid), enter or importhe values of the
response/dependent variathat will be compared to model predictiginsiddle grid)
andexamine model predictions and exceedance probabflitght grid). Time series
andscatter plots ofhe measured dependent variable valteesuspredictions helusers
gaugemodeleffectiveness

The followinglist attempts to provide an overall context for hogeaeral basic

modeling session using \éBvould be conductedoptional actions in green, required
actions in red)
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* Open the Software
* Location Tab is Visible
Use the GIS map to find beach of interest
Delineate beach shoreline
VB, calculates the beach orientation angle
* Click on the Global Datasheet Tab
Import data from a file
Validate the imported data
Compute wind/wave/current A/O components
Create new |Vs
Investigate transformations to the IVs
Click the “Go To Model” button
* Click the MLR, PLS, or GBM Tabs
Set the method-specific modeling options
Run the model
Look at fitted results and choose a model to use
PLS/GBM—only a single model produced
MLR— returns the “best” ten models; user must choose one
* Take the Chosen Model to the Prediction Tab
Import datafile, or manually enter new data
Make predictions using new data and the chosen model
Evaluate predictive model performance
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4. PROJECT MANAGEMENT

The user willoftenperforma number of prgrocessing steps @n imported
dataseto prepare it for analysiand therdevelop modelérom the resuing data To
avoid repeating all of this worl, file canbe saved t er me d @fle)dindmeoj ect O
opened via th&ile A Save andrile A Open menu selectiorProjectfiles have a
A . vdestgnsion Opening asavedprojectfile will load the savedatainto the Global
Datasheet and figopulate the methods tabs wittelocal data, as well aany modeling
results generated prior to the savdne beach orientation defined by the user on the
Location tab isalsosaved inside a project fileNe suggest ging Project files a
descriptive name of the beach/site being modeled for later easy identification.

I n additi on ©dep ccanfbesavedsyusingieSsa, v el mA s
(prediction onlyd  u rhefEiled menu at the top of the \dBnterface. Thesefiles have
a n.o bf3im e . &madde filescontains information on th€s, model
parameters, and other metadatatii@ currently selecteshodek on each method tab.
Whenuses open asavedmodelfile within VB3, they are taken directly to thierediction
tab(the only accessible talhere they can use tineodelto generag predictions. Model
files allowthe useto construct models and choase @& e dat &site, save a model
file, and delivethis file to abeachmanager With this approah, amanagewill not
need VB for full-scalemodel development, bainly to input newdata, generate
predictions, and mak@ecisions aboussuing swimmingadvisories.

| f t he us e rXointhd uppensghttomerof therdin\Bs window
(Figure 1) aprompt will ask if they wish to save their projéefore closing.

12



5. LOCATION INTERFACE

On VB3 application startupt, h e

o Virtual Beach 3

| Location | Global Datasheet

N N

{+) (=)
) =)

A ) Y
ZoomIn Zoom Out

Data

Map Controls
44 0766102719193 Lat
-87.6560497283936 Lng

GoTo Lat/Lng

Map Settings
Type

OpenStrest Map -

Beach Orientation

Add 1st Beach Marker
Add 2nd Beach Marker
Add Water Marker

Beach Orientation

Curment Location
41.9676592036782 Lat
-87.6708984375 Lng

Loading

()

A L o cimshawdfirstqFigura ) Because
use of this tab is optionalsars can gdirectly to thei G| o b aH e dbtad aisnt er f ac e
clicking thattab atthe top or bottom of the screen.

== )

Ottawa

. Location l Global Datasheet

Ready.

Status:

Figure 2. Location interface; the default map type is OpenStreetbut users haveseveral other

options.

5.1Finding a Beach

Thelocationinterface proviés map control@~igure 3)that letusersnavigate ta
beach sitdy panning and zooimg (right-click and drag mous® pan; usenouse wheel,
slider atthe left of the map, or the two buttons in the top ribfwsrzoom). Alternately, a
latitudelongitudecan beentered at the top lefipllowed by aclick oni GolTat / L n g o

button

13
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Zoom Map Controls
Map Controls

44 0766102719193 Lat

f\\ Zoom Slider — drag slider up and

down to zoom in and out.

-87.6560497283936 Lng

GoTo Lat/Lng £ M.ap E:cmtmls - Add" Lat/Long and
click “GoTo Lat/Lng"” button.
Map Settings Map Settings — Select map type from

drop down menu to change the
Type / display in the map window.
[Openﬁtreetlulap "J

Beach Orientation — use these
buttons to add or remove beach

Beach Orientation boundary markers (shown as green
- balloons) on the map. Once the
[ Add 1st Beach Marker ] beach shoreline is delineated by

— placing the 15" and 2™ beach
markers, click on the water and then
click “Add Water Marker,” which will
J lead to the correct orientation angle
being placed into the “Beach

| Add 2nd Beach Marker | €—

| Add Water Marker

Beach Orientation Orientation” box.
Cument Location Current Location — click anywhere on
th to display Lat and L
41.9676592036 782 Lat / vaTqu.p © dispiay Latand tong
-87.6708984375 Lng
Loading — progress bar that shows
— network download activity for map
Loading 45— images.

Figure 3. Location controls and their function.

5.2 Defining the BeachBoundaries for Orientation Calculation

The mapcontrol allowsdelineatiorofa b e ac h 6 ssothatUBwcdnar i e s
calculatets orientation(Figure 4) which isuseful if wind, waveand/or current thw
componentsire usedn modetbuilding. Mapsprovide less shoreline detado it is
recommended thathybrid or satellite imagbe selectegrior to adding point locations
that define beach boundaries. Ottoe beach of interest is fouraaid the swimming area
is located left-click on the map (a red marker will appear) atick theii A d ¥Bedkch
Ma r k e r ¢thidreptegerttome endpoinbf the beachshorelindswimming area
Now left-click the other end of the beach on the map and tlibke 'YBdadh 2
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Mar ker 0 b u tleft-dick.on the maptaithdicage, whetlee water is relative to

the shorelingand clickt h ed di AWat er Ma Makerrpains wilutarr fronm .

red togreen ashey aredentified. Once the water marker is added, a shaded box appears
and the beach orientation angle is displaygethe left of the map at the bottom of the
AfBeach Or oxdfigura4)i ono b

Map Controls
44.0766102719193 Lat
-87.6560497283936 Lng

GoTo Lat/Lng

Map Settings
Type 1.
<
BingSatelite v
Beach Orientation
Remove 1st Beach Marker
Remove 2nd Beach
Remove Water Marker

Beach Orientation  249.94

Cument Location
42.181341884324 Lat

-80.1088714599609 Lng

Loading

“\\Vlocation l Global Datasheet |

Status: |

Figure 4. Adding shoreline and water markers to define beactorientation.

Theseboundarypoints can be added or removed utité user isatisfied with the
beach representatio/.Bz will pass the calculateldeach orientation angle to the global
datasheet for wind/current/wave component calculations.

5.3 Saving Beach Information

As covered in Section dheFileA Savemenu selection will open a windadvat
allows theuser to save the project informati(suchasplacementf the beach/water
boundarymarkers andhe calculated beach orientation) inside az\ffBoject file

15



6. GLOBAL DATASHEET

6.1 Data Requirements and Considerations

VB3 can importxls, .xIsx, and .csfiles, but inputdata must conform to d&in
standads

The first row of anycolumnmustbe aheades peci f yi ng the col umnods
For errorfreeoperation of the softwareplumn nameshould be composezhly of
letters, numbets and/ or underscores (A_0)

Do not begin a column name with anniper.

VB3 will issue an error statemeifita dataset witlspaces im columnnameis

imported

1 Theleft (first) column of the dataset must e identifierfor the observations
typically a dde, time, or serial numbethat indicates whear where thatow of data
wascollected.

1 Each rowMUST have a unique Idalue (leftmost column). If VB finds duplicate
IDs, it will issue an error statement.

1 If the ID columnspecifies aollectiondate or timetime series plots in VBwill be
most interpretable ifhe rowsarein chronological order, frortheearliest tathe most
recentdata. VB will not re-arrange the data in chronological order on its own.

1 The second column of the dagasvill initially be set as theesponseariable;
however this can be chandefter data are imported®thercolumns will ke
consideredas|Vs (besides the first ID column)

i Variable measurement un#ése not considerealy VBs, but certainlyaffect
predictions Ensurethatany data used for predictions @amg¢he sameinitsasthose
used to build the modelfor exampledo notbuild amodel with water temperature in
degrees Fahrenheihen importwater temperature in degrees Celsius for predictions.
It is prudent to include unit information in tlkelumn namesge.g.,MWaterTemp @)
to remind the usesf theproper unit wherentering data to makmedictions

1 Missing data (blank cells) are permittigbn import, but mustd dealt with(either
deleted or values filled irgrior to modeling.

1 If Excel data files are importedelts with non-numericvalues(i.e., symbols or text)
areconverted tempty cells.Exceptions are the column names and the first column
of IDs. If suchnornnumeric characters are present in an impodsdfile, they will
be importednto VBz0 datashe¢. However, they will be flagged as anomalous
duringthevalidation scan and they must be dealt with (deleted or populztét
time.

1 When therequiredvalidation scan is launchedBz will identify anycolumnin the
datasetontainingonly a singlevalueand ask the user to delete the colutmecause
such data columns are usel&sspredictive purposes

1 There is no hardodediimit on the number olV's one cammport; however theVB3

datasheets designed foa maximum of 300 columnsBeyond thahumber the

appl i cparformanoelilisdegradesignificantly. Investigating250+1Vs results

in over2*102° possiblelV combinations for MLR processing.he MLR genetic

= =4

= =
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algorithm canhandle this modeling taskutc hoosi ng fi Ru n owolld combi n
likely takemonths or year®d complete Depending on how many additional IVs will

be created by the user, importiaglataset with less than 100 IVs should be

acceptable.

We note here that VB&an be used as a poweréxploratory research tqgol
allowing the user to investigate a great many IVs concurrently. However, this approach
can lead to modelsith spuriousresponse/I\felationships (i.e., the association is only a
random statistical ar t Tofaei this,thewseoalda fr eal 0 ph
restrict their analyses to only those Vs for whilby havea prior, procesbvased,
theoretical expectatioof influence on pathogen concentratiodscriticism of this
approach is that the researcher will never discover a relationship betweespihiese
anda truly influentiall V- i f t hey d o ndekist ®iscoverpaly expect it
unexpectedly influential IVs can lead to process insight and advancements in
understanding of the physical systethan exploratoryapproach is taken, there are
mechanisms within the statistical modules of:\(Brimarily crossvalidation to ensure
that predictios onfuturedata pointsarenearly as good asemodelfits) to protect
against ovefitting a model using too many IVs afidding spuriousorrelationghat
dondét hold up when the model is used for pre

6.2Importing a Dataset

When usesfirst click on theGlobal Datashedtb, theycan import a data file
usi ng t IDatadi Ibmip thedp ribbor(Figure5). This opens dalog screen
where a directory explorer can be usefind thedata file. If the fileis anExcel
workbookwith multiple worksheetsthedialogbox asks whichvorksheeto import.
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¢ 75| Location Global Datasheet @

= @ [ x ©
-—
Import Walidate Compute  Manipulate  Transform  Go Ta

Data Data a0 Madel
Add | VYalidate “Work with Data

Loak in: | @ Deskiop

@My Documents

& My Computer

My Recent gMy MNetwork Places
Documents — |[Z3)EPA System Tools
(L )Earber Pub

(L) Cnintegration
(CS)Fish Maps
(CyFracking Max Ent
CQMRA

(C5)VE data File issues
(570M_Files
Testing.xls

My Documents

File: name: ‘ v ‘ [ Open J

My Metwork,  Files of type: | Spreadshest Files [*sls;" sw* v v/ [ cancal |

Location\ﬁlobal Datasheet J - X

Project File Mame: Beach Mame! Stakus! i

Ready.

Figure 5. Importing a datasetinto the Data Processing tab

Once impated, the datareshownin adatasheet. Tie second columof this
datasheetwill be highlighted in blue to indicatesistatusas the current response variable.
Information about theatasetsuch as number of rows and columns, name of the ID
column anchame of the response variald@pear athe left of the dasheet At this
point, thedatasheetcannot be edited or interacted with in any manteeaccess
additionalprocessing functionality, th@ata must be validated.

6.3 Validating the Imported Data

Validation optiosc an be accessed bpatar | b @rikhieo g
top button ribbon.Validating the datéaunchesarequiredscan to identify blanknd non
numericcells in the imported spreadshééigure6). Onecan alsdind andrepaceother

specified values (e.g., a missing data tag48@9) inthe dataset si ng t he A( Opt i ol

Find: 0 input box.
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Response Varisble LogtFU 6/4/2006 207 PM | 08016 1585 331
Digabled Row Count 1) B/5/2005 7:554M | 1.738 337 278
Disabled Column Count 0 8 et
K Optional) Find:
Hidder Column Court 0 E/B/2005 11:02 1.028 1308 [Optional) Fin 301
Independent Variable Count 7 E/5/2005 207 PM | 0.301 1568 321
6/18/2005 11:02 .. | 1.627 1342 283
B/18/2006 307 .. |1.247 1276 33z
B/19/2005 755 ... |1.773 225 26.4
E/19/2006 11:02... | 0.9373 1260 28
B/19/2005 3.07 ... |0.9542 1409 3.8
B/25/2005 7:55 1.079 295 6.2
B/25/2005 11:02... |0.97 1800 274
6/25/2005 3.07 1195 S00 30
T/2/2006 755 AM (1,239 293 29
T/2/200511:02 ... |0.699 15837 30.4
Identify Categorical Varables
7/2/2006 207 PM 01761 1763 335
F/3/2005 755 4M 1176 286 278
74372005 11:02 01249 1481 292
/32005 307 PM |0 1802 337
T/4/2006 TEEAM [1.222 292 2491 0z 278 283
Location ™, Global Datasheet -
Project File Name: Beach Name! Status: :]
Ready.

Figure 6. Data validation required to begin data processing

Clicking AScano begi ngoesthoughtivedatashebtat i on pr o
cell by cell, looking for blang nonnumeric or userspecified valugentered in the
i Opti onal ) FIfsudhaceéll isifonng the scam wilk stomndhighlightit.
Uses mustthendecide how to deal with #tcell fromchoicesnt he A Acti onodo sect
(Figure7): replace thecell with aspecified valugusingthei Re p |l ace Woixt h: 0 i np
or deletethe row or column containing the celfThe usemust decidavhere to
implementthe chosen actiowitht he A T a k € t Adropdonm menyWPossible
choi c©slytaire @GEhtjoe Row, o0 AENtire It€mosl umn, 0 a
in this menu are contesensitive, i.e., theghange withithe Action selected After
setting the ATake Action aWMd& hAntoi oBed ub uttthen u
makeshe specifiedchanges to thdatasheetard the scan continuegven if no cell
errors are found, VBmay st i | | report that a ACol umn has
the user to delete the column (see the setoihakt buleted item in Section 6.1)When
the entiredatasheeas passed inspectioviBs reportsiino anomalous dataaluesfoundd
at the bottom of the Validation window.
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|_ ‘ Location Global Datashest
L g (ol
B 0 [ x O
—
Import Validate
Data Data
Add Walidate Wtk with Daka
File Testing.xls tetamp LogCFL uy Data Validation puaisttemp WindSpeed
Colurnn Count B 3860733 1.452 360 1
Fiow Count 7
Date-Time Index tstamp 38507.48 0.8653 1403 1
Fiesponse Yariable LogCFL 38507 £3 08016 15855 1
3
Diabled Flow Count 0 38608.33 1738 e IR 1
Dizabled Colurn Count 0 9506 45 1028 1308 1
Hidden Column Count 0
Independent Variable Count & 3950863 0,301 1569 Action 1
38521 46 1.627 1342 O Replace with: 1
38621.63 1.247 1278 ) Delete Row 1
3852233 1.773 225 () Delete Colurnn 1
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Location ™, Global Datasheet - X
Praject File Mame: Beach Name: Stakus: [:]
Ready,

Figure7. Contexts ensi ti ve choices for tdowméniake Action Withi:i

Aftert he data have been validated, but pri ol
the Vdidation window, the user has tlgtion to specify which columns in the dataset
are categorical variable$Vhy do this? VB3 will not attempt to transform categorical
data olumns fransformations discussed later), because it generally does not make sense
to do so. Thus, identifying IV columns as categorical saves time later when
transformations are investigatedf t he wuser <c¢clicks on the fAlde
Var i a bttorgdRgare7h awindow popsup (Figu@®. A | i st of the dat ast
independent variables is shown in the rghhd section of this windowB3
automaticallyidentifiescolumnswith only twounique values as categoricariables
(i.e., they will ateady be in the left section of this windguf)the user has other
categorical IVswvith more than two categories,ae shouldbe moved from the right to

the left sectiorusing th button. The user can also move any currendgntified
categorical IVback to the right list using th button.
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Categorical Variables

Identify Categoncal Yanables in ¥our DataSet.
[Categorical wariables cannot be transformed. ]

Wariable Selection

Categarical Y ariables |ndependent Y ariables
WindSpeed Ly

airternp

WaveHeight

centerzhintemp
centenmaizttenp
YWindDirection

0k l [ Cancel

Figure 8. Pop-up window for identifying categorical variables.
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6.4Working with a Datasetafter Validation

After the datasdtas passed the validation sctng functionbuttons across the
top of theGlobd DatasheetabribbonareenabledFigure9).

Virtual Beach v3.0

L | Location Global Datasheet @ |
@ B x O =
Import Validate Compute  Manipulate  Transform  Go Ta
Data Data AO Model
Add Validate Wark with Data
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Independent Variable Caunt 11 36R54.375 2636 99 q 10 [:11 )
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36683375 2833 20 3 2 E3 E2
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3E70E.375 2111 6.25 2 10 B4 1
36712.375 1.803 4.075 1 10 75 EG
3E713.375 1.911 5.8 2 10 72 B4
36717.375 1.763 714 2 7 75 72 hs]
£ >
Project File Name: Beach Name: Status: [:]
Ready.

Figure 9. Postvalidation enabling of the Global Datasheetfunctionality .

At this point grid cells(other than the ID columrgre editablé that is, users can
manually entenewnumericdatawith a leftdoubleclick on a celland typing in a new
value VB3 doesnot allow a cell to be made blank or Aaisameric A right-click on an
IV column headepresers additionaloptions(Figure D):

i Disable Calumn ummblht}l
10
Sek Response Variable 10
Yiew Ploks '2
Enable All Calumns _1 u
! [10
1 10
1 10

Figure 10. Right-click options on columns that are not the respnse variable
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ADIi sabl e Gihe teximed and pravesthe column from being pssed
to the method tabsPreviouslydisabledcolumns can bactivated withi En a b | e
Columno i Set Re s p oon sneathdv/edmrsen\d thd new response varialtbe
columnbecoms blue toindicate thischangg. A Vi e w P | smhewdcregrhwatiw
column statistics at thiar left and four plots for the chosealumn(Figure 11): (1) a
scattemlot of the IV versus the response variable inldiveer left panej (2) a plot of the
IV values versus the ID column at the uplefr (a time series plot if the ID is an
observation date)3) a boxandwhiskers plot at theop right; and(4) a histogram for IV
valuesat the bottom right.

Variable uy Q@@
Data Walug
fanabie Hame ¥ i Time Series Plot EBrosivhisker Plot
Fiow Count 37
Maimum Value 1.834.00 2000 T T T T T T 500
Miniirriurn  alue 203.00
Auerage Walue 1.058.97
Unique alues 35
Zem Count 1] 2000 -
Median Value 1.276.000 1500
Data Range 1.631.000
K5 Statistic 0.2128
KS Stat PYaue 0,059 . e
Mean Value 1,058.973 5 1000 -
Standard Deviation 578636
Wariance 334819138
Kurtosis 51.438 1000
Skewness -0.354
S00
00+
[ + t t t
Fohby  8dun 18-Jun 38-Jun B-Jul 18Jul BJul TAug
tstamp N
Goatter Plot Frequency Plot
N 1
12
3 —
0+
: 8
- ]
5 5
) 2
3 i}
- 6
1
4
1}
2
. ; AAA,

o 00 1000 1500 2000 o i) 1000 1500 2000

Figure 11. Four different plots available for evaluation of Vs

Scatter Plot Interpretation

Curvature in thescatter plot (lower leftcan indicate a nolinearrelationship
between the IV and the response variable, problems with homogeneity of variance across
the range of the IV, asutliers. Ensuring that the IVs are linearly related to the response
variable raisethe probability of producing eobust, meaningfuMLR and PLSanalysis
(GBM does not need linearity)f the relationship between the response and the IV is not
well-appoximated by a straight line (a fundamental assumption of sihRPLS, it
may be beneficial to transform the IV. UsiB3 to accomplish this will bexplained
later(Section 6.7) Thescatter ploalso showthe besffit linearregression line in red,
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along wih the correlation coefficient)(and the significance {palue) of the correlation
coefficient at the topf the plot. In generap-valuesbelow0.05 are considered
statistically significant.While VB3 does not provide a plot of the residuaighe
regression line depicted in the scatter plot, this important diagnostic is given much
attention on the MLR tab (see Section 7.8).

Identifying odd valuegpotential outliers or bad dataj anylV can often be done
by visualinspecton. If uses movethe mouse cursor overdata pant in any plot(other
thanthe histogran), theywill seethe ID value of that observatigrigure ). They can
then go back to theatasheeffind the outlyingobservation (data row), and disable that
row (described belw) if justifiable.

BoxWhisker Plot

[ o waveHsight outliers |

5

4 + o .
|6/12/2003 2:00:00 &M

WaveHeight

0
Figure 12. Identifying an observationfrom within the XY scatter plot.

Theii De | et e righieclickianlamin header optiodeletes acolumn from the
VB3 datasheet Notethat originalcolumns of the imported data sh@éBz definesthese
asi mai n ecénhothe tetetedRows can be disaldeand enabledout not deleted
from the datashedly rightclicking the row headeffar left of each row) and making the
desired choiceChanges that the user makes can be undone and nedonen g t he AUndo
and ANRedoo optsfiénsg eonadenut he VB
If the user rightclicks on the column header of tressponse variable, a different
set of choices is show(rigure B).
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Tztamp LogCFU_E  Transform v W aveHeight
3BE7E. 275 343 Wiew Plots 1
JE77.373 2006 Define Transform k¢ 1
JEE7D.275 1.55 T 1
3BEB2.575 274 55 4
J6E83.575 282 133 4
36684.575 2.E86 33 1
JEEBR.375 1.255 21 1
36E29.575 2833 20 3

Figure 13. Available choiceswhen right-clicking the response varidle.

Usess can transform the rpsnse variable in three wayegio, l0ge, Or apower
transformation (raising the responsatexponenty®. They can alsan-transformthe
responsgview theplotsshownpreviouslyfor the IVs, or define a transformaiti of the
response variable. Thigstoptionis usedwhen a datasheet is imported wath already
transformedesponse variable. For example, sseuld import a datasheet with leg
transformed fecal indicator bactedancentrationandshoulddefinetheresponse as
logio-transformed.Doing this facilitats latercomparisons witlthe fitted response
variable valuesdecision criteria, and regulayostandards If this is not done, then later
plots and comparisons of model predictions to responssl@values will be strange
and misleadingWhen usestransform the response variable witMB3 using the
ATr ansf orvVBdautamaticallyodefines #response as having the chosen
transformation andin doing s synchronizes the units of measuent for later
comparisons.

6.5 Computing Wind, Wave and Current Components

Orthogonawind, current, and waveomponentgan be powerful predictors of
beach bacterial concentratiori3epending on the orientation of the beagmd and
currentscan infuencethe movement obacteria from a nearby sourtethe beachand
wave actiorcan resuspend bacteria buried in beach sedim&otmake more sense of
this information reseechers typically decompose wind/current/wave magnitude and
directiondatainto A (alongshoreand O(offshore/onshorejomponents foanalysis(see
equationsat the end of this sectipn

If direction and magnitude (spgedigh) data are availabléy, andO components
can be calculateditht h e A Co @@ ul antthéobbon(Figure9). Clicking it
brings up a windowwith drop-down menugor uses to specify whichcolumns of the
datasheetontain the relevant magnituded directioal data(Figure ¥). There is also
an input box at the bottoof the formfor the beach orientatangle. If the user defined
thebeacha n g | e Loonc a thiethafivaluewidl e, seen Af t er cl i cking @A OK,
data columnsire added tdhe far rightof the grid representing the A and €mponents
of the specifiedvind, current, or wavdata. Unlike the originallyimported IVs, hese
componentgan be deleted from tlggid after creation Names of these new columns
are WindA_comp(X,Y,Z), CurrentO_comp{,Y,Z), WaveA_compX,Y,Z), etc, where
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X is the name of the column of data useddioection, Y is the name of the column used
for magnitude andZ is the beach orientation anglBlote that the IVs used to credhe

A and O components are automatically disabled by Mi2e the omponents are created.
These columns can be-eaabled by rightlicking on their column headén the
datasheeh nd choosi ng ATehnea bil Ceo nptwhctiemisAkepEatable as
many times as the user wishes.

Wind/CurrentMave Components Q@E|

YWind Data

Specify wind data columns:

Speed | 4

Dhirection [deq] W

Current Data

Specify curment data columng

Speed 4
Direction [deq] W
Wiave [ ata
Specify wave data columns:
W ave Height hd
Direction [deq] W

Beach Anagle [deqg]: .00

Figure 14. Window for computation of alongshoreand offshore/onshorecomponents

Notes orComponenCalculations

Direction is an angulategreameasure Moving in a clockwise direction from
north (O degrees) aluesarepositive andnegativewhile movingcounterclockwise.
Wind and currenspeedas well as wave heightan be measured anyunit. VB3
adheres to scientificonventionwind drectionis specified as the directidrom which
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the wind blove andcurrent and wave directions aspecified as the directidowards
whichthe currenbr waves move Thus wind blowing west to east has a dation of270
degreegor equivalently-90) degees, while a currefwvavealsomoving west to east ba
a direction of 9(or -270)degrees.

The A-component measures the force of the Windentwave movingparalld to
the shoreline (Figureg). A positive A-componentneans wind&urrentgwavesare
moving from right to lefasan observelooks out onto thevater. A negative A
componentneanswvinds/current&vavesare moving left to rightsan observer looks out
ontothewater. The O-component measurésrce perpendicular to the shoreline. A
negativeO value indicatesnovemenfrom the land surface directly offshopnlikely to
beseen withwave action) A positiveO indicateswaves/wind/currentom the water to
the shore. These relationships appdymatter how the beach is oriented (FigLée

Negative O

Positive O ‘ '

Positive A Negative A

Figure 15. A- and O-component definitionsfor wind, curr ent, and wave data
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Figure 16. Principal beach orientations given in degrees
The euationsfor calculationof Wind A/O components:

Wind A: -S* cosine((D-B) * “/180)
Wind O: S* sine((D-B) * "/180)

where S is wind speed, D is wind directionisBhe beach orientation (in degrees) and

4 3.1416. Current A/O and Wave A/O athesame equations multiplied b to account
for the difference in how these data aneasured.
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